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INTRODUCTION

This report includes the status of LEM Mass Properties as of
March 15, 1964. The total weight at Separation of 27718# is 2Lé#
heavier than that shown in the previous report LED-490-6, Dated
1 March 1964, The vehicle meets the required performance (A V)
and is 2128# below the designated control weight of 29500# at
Translunar Injection. Figures 1 and 2 illustrate the present
relationship of LEM weight and performance capability.

A summary of changes since the last report are as follows:

A. Ascent stage Inert * Weight +68 1bs.
B. Ascent stage Propellant - Increased Inert Weight +56 1bs.
C. Descent stage Inert * Weight + 1 1lbs.

D. Descent stage Propellant - Increased Touchdown Wt. +121 lbs.
Total LEM Weight Change at Separation +2L& 1bs.

A more detailed breakdown of the Inert changes since the
last report is included on page 33.

LEM Allowable Stage Weight Apportionment (Figure 4) has been
ineluded in this report and will appear in all subsequent Mass
Property Reports. The purpose of this curve is to (1) provide an
ald for evaluation of the weight status for constant performance
parameters and (2) provide a basis for Target weight apportionment.

The two limiting items are the propellant tank capacities of
the ascent and descent stages. The ascent tank capacity allows a
maximum Lunar Liftoff weight of 10500 pounds (or 10511 pound ascent
stage at touchdown). The descent propellant tank capacity allows
a maximum Separation Weight of 29870 pounds, which is based on
a LEM weight of 29500 pounds (unmanned) at Translunar Injection.

In addition, to providing the relationship for the maximum
LEM separation weights, other separation weighte have been included.
The current weight status has been plotted and as indicated is
presently below the maximum limits of the curve.

Should the final LEM weight fall below the limits, two
possibilities exist:
(1) Either add more payload and propellant to maintain
performence, or
(2) Add propellant to increase performance (i.e. for more
luner landing and launch flexibility).

* Inert Weight includes all non-propulsion expendables.
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If performence increase are desired, then Figures 1
and 2 would indicate the additional performance available.

In order to complete a LEM Target Weight apportionment,
GAEC requires additional information about all Government
Furnished Equipment.

Toward this end the Contractor has attempted to compile
details of the Government Furnished FEquipment Weight (See pg. 36)
from all available sources and has shown that there are weight
variations from those originally designated by NASA. Some of
the revised G.F.E. weights received from sources other than ASPO
are noted as being incorporated in this report.

The Contractor invites NASA to comment on this list as
shown, and confirm these weight trends wherever possible.
Revisions and comments to the original list should be sub-
mitted to GAEC by 15 April 1964 in order to include these
values in the May 1 report and also prevent further delays
in establishing LEM Target Weights. ' ‘

.

A list of pending changes has been included to indicate
items being considered for the LEM vehicle, but on which
final disposition had not been reached at the time of this
report.

This report is based on the Mission Time Profile and
the AV Budget used in the previous Mass Property Report,
LED-490-6, Dated 1 March 196k.

geporr LED-490-T
pate 1 April 196k

GRUMMAN AIRCRAFT ENGINEERING CORPORATION

cum 2a



MISSION HISTORY OF WEIGHT AND PERFORMANCE

1 March 1964 1 April 1964
Condition Weight AV Isp Weight Ay Isp
Earth Launch 27,126 27,372
Separation 27,472 27,718
7389 301 7389 301
Touchdown 12,668 | 12,793
Lunar Lift-off 9,121 9,245
6373 306 6373 306
Transfer Orbit 4,718 4,686
310 295 } 310 295
Burnout (Docked) 4,462 4,530
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Table 3

LEM WEIGHT BY STAGES

AT EARTH LAUNCH

ASCENT DESCENT
STAGE STAGE TOTAL
1.0 Structure 954, 7 935.9 1890.6
2.0 Stabilization & Control 73.1 7.5 80.6
3.0 Navigation & Guidance 2hk2.5 10.0 252.5
k.o Crew Provisions * 148.2 5.0 153.2
5.0 ECS 323.2 170.6 493.8
6.0 Landing Gear -- 387.0 387.0
7.0 Instrumentation 282.5 235.0 517.5
8.0 Electrical Power Supply 810.9 291.1 1102.0
9.0 Propulsion Inert 633.9 1578.3 2212.2
10.0 Reaction Control 870.7 - 870.7
11.0 Communication 6.2 20.6 %.8
12.0 Controls & Displays 264 .4 -- 264. 4
Totals - Inert 4680.3 3641.0 8321.3
Add Main Propulsion
AV Propellant 4303.1 147hT.2 19050.3
Total with AV Propellant 8983.4 18388.2 27371.6

*  Without crew, suits, radiation dosimeter, etc. (426.2#).

resorr LED-490-7
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Table 4

PAGE 10

LEM STAGE WEIGHT HISTORY

MISSION PHASE AND ASCENT STAGE DESCENT STAGE TOTAL
CONSUMABLE DESCRIPTION DRY |oV-PROPELLANT] DRY IAV-PROPELLANT WEIGHT
WEIGHT WELIGHT WEIGHT WEIGHT
(1LBS.) (LBS.) (IBS,) (1LBS.) (1LBS.)

EARTH LAUNCH AND

TRANSLUNAR INJECTION 4391.2 L581.7 3651.5 1h7h7.2 27371.6
Crew and Equipment +426,2
Water, Oxygen & Hydrogen -79.8
SEPARATION L8174 4581.7 3571.7 1474h7.2 27718.0
Landing Flare -5.0
Water, Oxygen & Hydrogen -29.3
Descent AV Propellant

- Main —l)-l-TLI-T.Z

- RCS -28.2
RCS- Attitude Propellant -115.2
LUNAR TOUCHDOWN 4702,2 4553,5 3537.4 12793.1
Scientific Samples & Equip. + 40,0 -210.0
Jettisoned on Lurain - 51.0 -3327.4
LUNAR LIFT-OFF L601.2 4553,5 g2l T
Water, Oxygen & Hydrogen - T1l.h4
Ascent AV Propellant

- Main -4303.1

- RCS - 250.4
RCS- Attitude Propellant - 89.9
BURNOUT (DOCKING) 529.9 4529.9

OBNEBENTT™

eerORTLED-L49Q0-T7
paTE 1 April 196k
GRUMMAN AIRCRAFT ENGINEERING CORPORATION



P 11

LED-490-7
1 April

=
o
(=}
EH
&

9°gle 9°gle 2°ge 1°062 6°082 queTTadoad A V- m

T°S02 T°602 24Tt 6°68 T°602 ‘doxd °33vV - saTqepusdxg- S

0°.3¢ 0°.8¢ 0 0 0°.8¢ T°T9E qa9U] - .

(L+0L8) (L=0L8)  [H°EHT) (€-on€)(0°L8E) | (T°L4B) TOI3UO) UOT308IY 0°0T m

€°0506T £°0G06T |3 LlulyT 0 T°€oEh O T°T.89T jusrradoad AV - cpusdxi- m

ALA KA AL A A 0 €°QLST 0 6°€€9 ALA KA JJI9UT - =

(G*29212) (G*29eTe) [2°LulyT) (€°QLST) (T COER(6°€€9) | (E°€g0Te) uotsTndoad 06| B

2°69T G°'Te LeEqT 0°€T 6°€TT 89T 0 LT saTqepuadxy-

8*9L6 0 Q°9t6 0 Leeht 0 T°#6L g°9c6 jI3uI-

(0°201T)(G6°T2) (G°0g0T) [0°€T) (9°9%2) (8°9T) (T°6L) | (G°080T) I9M0J TBOTJIGOSTH 0°Q

G*LTS G LTS 0°G6T Ge22g G*gTS UOT3B3 USWNLIGSUT 0°L

0°.8¢ 0°.g¢ 0°.8¢ 0°.g¢€ aes) Jurpue] 0°9

2o £°gS 6°98T €91 f°L6 9°%S  9°Q1 6°98T saTqBpuadxy-

9°gHe 0 9°gHe 0 0°92 0 9-222 ALAY 3a3u7-

(g-€61) (£°89) (6°GEx)  KE€-91) (xeceT) (9°%S) (e°THe) | (T°6TH) TOI3U0) TBIUSUWUOITAUF 0°S

2°€qT 2 9eh- °6.L6 0°6 9°4 8°Q94 f°6LG SUOTSTAOIJ MII) 0°f

G*ese G252 0°82 G*tee 0°ghe 30UBPTINY DPUB UOTIBITABN 0°¢

9°08 9°08 ) T°€L T°2Q TOI3UO) pUB UOTFBZITTABIS 0°2 m

9°0681 9°068T 6°G€6 L*4G6 2°G98T 3IN3oNI4S 0°'T m
<3

TVIOL SEIHEY INFOSHI NIVINT  INFOSY NOILYIVIAS
HONNVT -aNIJIXH (NOILVIVIHS NO NO NO INo IV
HIMVH ¥YYNOT-X TYLOL ad,SNOD  *IEP a,SNOD Nyng LHDTHM WALI HA0D | &
SNIVIS IHOIAM INTTEND 79/1/¢€
INTWILVIS THOIAM
WTT




12

=8
O
o~
o
¥
<]
B
qI9°TLELS G+G2Tle 1U3ToM youneT yjaed
*slaT 0°QTLlLe 6°Tlhle qu3teM uoryexBdag
_ *sqT T°€6l2T L*)992T 1Yy3TSM UMODPYONOL
*sq Le#h26 9°02T6 1YSTOM JFO-1ITT
*saT 6°625% 0°29th q1y3TaM jnouing
9°TLELS - oKE- 0°QTLLIE | 6°H26HT H°8HSE g wIlfy 6°6235h 6°TLhle TB30L
6°82L6T 6°82E6T | %*GLLNT 0 G EGGH 0 0°2GT6T £Tup +doxg AV -
6029 Q°6L Le0KS G 64T CT12 €*T9T 9°QT L*0KS ‘doxd A ¢ O/M- -puadxy-
geeenl 2 9eh- f1°Q418.L 0 T°LECE 0 € TITSY 2*6LLL 3a3UuI-
Te30L
492 1 792 f1°H9e 6°292 sferdstqg ¥ STOIIUO) 02T
8°9% 8°96 T°1¢ L1*G9 3°g6 SUOT980 T UNWO) 0°IT
TVLOL SATEV INAJISHI NIWINT  INHOSY NOIILVEVIES
HONAVI -QNIIXH (NOLIVIVJHAS NO NO NO INno IV
HIMVH YYNNT-X TVLOL d,SNOD  °ILdar d,SNOD NNg IHOIHM WALI C(4(00)
SNIVIS LHDIEM LINAIHN0 wo/T/e

LNHWELVLS LHOIHM

WH'T

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




L

13

LED-490~7
1 April

g

3

+g978Td PTOO TBANGONILS SIPNTIUL  x M

2

€°G €eg €°g S sJous)sed pue DTIM g2 Tl 8

f°LT LT LT L*QT §978Td PTOD JRTARE BY

T1°6€ T°6€ T1°6€ 0°0¢€ axnjonayg 3Jxoddng *OSTW 92 I| B

¢°gT 69T 69T L*6T SISUSIITAS Gz 1| &

7°9T 7°9T 7°9T €l sqaoddng TBOTIISA 12T m

0 0 0 0 SUTPTITUS WA ¢zl H

T°7T > T°4T T*41 0°'TT UO0T30970Id TBULISYL 22 1| 8
-- -- -- -- uTys 1°2°1T
(g°0TT) (g°0TT) (g-01T) | (6°16) qusugaeduo) jusudrnbg 2T
L-T¢E L°T€ LeTE 202 saou91s8{ B SPTSM HT°T°T
g8°TS Q° TS 9 TG QTS SUTI00Td CT'T°T
6°9¢ 6°9¢ 6°9¢ 0°HE % qqoddng jusudinbg ST°T'T
0°06 0°0$ 0°04 0°0S S9U0%8H TI°T°T
6°LET 6°LET 6°LET 9°62T sngoxg Y3IM 2qnL JurHood OT°I'T
Leof L-0% J°0f Leoy SMOPUTM 6°T°T
12T T°2T T1°2T 12T SaWBIL Q°T°T
9°G¢ 9°GE 9°G¢ g°LE SISU9IJITAS LT T
1°9T 1°gT 1°9T 29T suoxs3uo] 9°T°1
0°0¢ 0°0¢ 0°0¢ 0°0¢ swesq G I'T
0 0 0 6°1 speayyInd 7°T°T
7°6T 61 °6T 0°6T UOT}0330dd TBWISYL €1°T
0 0 0 0 SUTPTOTUS W 21T

9°.0T 9°L0T 9°L0T L°GTT utys 1T,

(8°TLS) (8°TLS) (g°TLS) | (0°19%) yusug redmo) ML) T°1 2

3°068T 9°069T *GC6 T1%6 2431 2IN39NI3S 0°T m

<

TVIOL SEHEYVY INTOSAC NIVYNT  INHOSY NOILVYVIAS 5

HONNVI -ANHIXH (NOILVIVAES NO NO NO INno ¥ m

HINVE YYNNT-X TYLOL aQ,SNOD 1Al d,SNOD g IHOTHM - WALT 3A00| &

SNIVLS LHOIEM INTHHNO w9/T/€
INIWALVLS IHDIHM
WoT




1k

M

LED-490~7
1l April 1

0°GT 0°GT 0°GT 0°GT I3ppe] 6°0T°T
0*H2 042 04 0°H%e fqTRUSS QUSWDBIFY d-AI-S 8*0T°T
0°62 0°62 0°62 0°62 wegsAg uorqeIRdag L*0T'T
Z*18 2 18 213 AN ssniy, qxoddng *H°] 9°0T°T
0'261 0°26T 0°c6T g°ofT syaoddng G 0T T
0°2hb 0°26 0°26 0°26 UOT]09304d TBULIAYY, #1°0T°T
0 0 0 0 BUTPTATUS WA €0T°T
€3¢ €°QLE €°QLE LeL1q SpeaU g pue SWe] 2°0T*T
f1°42T 1°H3T 1431 g oNnT (sansoT)) urys I°0T°T
(6°6£6) (6+6€6) (6°6£6) (Ge0H6) aIngonIlg 35els JuUd0Ss( 0T°T
TAIN AIR 2*)2 AR UOT1BINSUT TT%°T
L*gT L*gT L°gT L°gT aany.oNnI4g T°H°T
(6°51) (6°61) (6°61) (6°6t) (4usosY) PeaUYINg T
2 €T AN 2°€T 2°¢€T sIsuslsed pue PTSM OT*¢°T
A G HT G T G qT swresq 6°¢C°1
0°ST 0°ST 0°ST 0°ST 3M93(Q 8°€°1
0°9T 0°9T 0°9T 0°9T sqxoddng IuBl, L€ T
0°9 0°'9 0°9 0°9 sqzo0ddng sursuy 9°¢C°T
0 0 0 L°0T SIBUSIITIS Ge¢ 1
g°G2T Q62T 9°62T Q°TITT speayyTnd €T
-- -- - 0 SUTPTOTUS W €+C°T
L*Gg L*GE Le6¢ L*G¢ UOT303304d TBWIDY] 2°e°1
-- -- -- - utys T°€°T
(2°922) (2°922) (2°922) | (6°222) qusmyaedwo) Yusl /Sutsug €1
TVIOL SHTEYVY INAISAC NIVINT  INFOSY NOTIVIVJIAS
HONNVT -ANHIXA (NOILVIVIES NO NO NO LNo A
HIMVA YYNNTI-X TVLOL a,SNOD  °ILEP d,SNOD NIng THOIEM WaLI AT0D
SNTVLS THOIEM INHYENO 79/T/¢

INANILVLS IHDIHM
WH'T

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




=
Vo)
|
]
s
5
mAn #GT L£1ddns xsmod pur SOTUOIL
- -09T® ‘#ST s3eyord JOSU9S SIPNTOUT
pue wa1sSAs umop paddeals ® ST SIUL xx
b opoo AeTdSTC Pue STOIIUOC) 03 DPIPOIAY x
0°0¢ 0°0¢ 0°0¢ 0°0¢ x% °Assy sousxIszay ¢33V 2'9°¢
Gl ) G), Gl ATquessy Jaumrexsord T°9°2
(6°L€) (G°LE) (G°LE) (G°LE) weysAg souepTny) dn ¥oEdg 9°2
0°9 0°9 0°9 0°9 (2) SJ103BN3OY SATJIJ TBAWTLD 2+G*e
6T G*'T ST 61 *£sSY TOIUO) SUTIUF JUSDSI( T°6°2
(6°L) (6°1) (6°L) (6°L) *18£g TOJUOD SUISUH JUS2S3(Q G2
0°0T 0°0T 0°0T 0°0T *£sSY JOITUOW FUSTTIUL 1°2
9°€ @.m 9°€ 9°¢ Amv ATquassy oI£H 978y €3
0°c2 0°ce 0°cc 0°ce *£gsy TOJI3UO) UOTIBTSUBLL °*33V c°c
0 0 0 61 % *£s8Y I9TdNO) SOUBPTNY 1°2
9°08 9°08 gl T°¢L T°3Q8 TOJIQUOD R UOTIBZTTTI®IS 0°2
TVIOL SHHEV INHOSHT NIVHOT — LNEOSY NOILVYEVdES
HONAVI ~-ANIdXH [NOLLVYVIHS NO NO NO &LNo LV
HIYVE YVNNI-X TVLOL a,sNod *LHrL a,SNOD Nang LHOTEM W4LT HT00
SNLVLS IHDIHM LNHIHYNO 79/1/¢

LNANALVLS LHOIEM

AT

ENGINEERING CORPORATION

GRUMMAN ATRCRAFT




222 1o

D

LED
1 A

16

P

0°QT 0°Q1 0°gT 0°QT SOTUOI}O9TH g€ ¢
0°0T 0°0T 0°0T 0°0T BUUSIUY JI9ZTTTIBLS T°€°€
(0°g2) (0°ge) (0°ge) (0*g2) Jepey Surpue] €€
0°TT 0°'TT 0°TT 0°'TT Jspuodsusay, €eec ¢
SOTUOIL203TH N.N.m
0°29 0°29 0°29 0°29 uoog % BUUSRUY PITBAWED T°2°¢
(0°€L) (0°€L) (0°€L) (0°€L) Jepey SNOAZIPUSY 2°¢
- -- -- -- 338Td PTOD g°T°€
- - - - as®ed UOT}IBITABN L 1€
0°0T 0°0T 0°0T 0°0T Sut1qB) 9°T°€
0°c 0°c 0°*c 0°2 ¥oog 9O2UBUSQUTEN IBIS Ge1°¢
AN AN 2*le 0°.2 vsd f°T°€
g°4n g°Gy 8-S S Th D1 €1 €
G*Hqe S He G*he G qe sgoat1deld B IOV 2°1°¢
0°eh 02t o°eh 0°eh NNT T°T°€
(6°1TST) (G°1TST) (G°1ST) | (0°Ll4T) L) T°€
[EF14] [TF14] 0°ge [F 0°g%e SoUBpIND %R UOTFBITABN 0°€
TVIOL SATEY INIOSHI NIVENT  LNAOSY NOILVIVJIIS
HONNVT -QNHEIXH |(NOILVIVIIS NO NO NO INo LV
HIYVHE YVNOT-X TVLOL d,SNOD  *LEr dSNOD g LHOTAM WAELI
SNILVLS IHOTAM INHEHNO 79/1/€

CNHNALVLS LHOTIM

AT

ENGINEERING CORPORATION

GRUMMAN ATRCRAFT




N

Page 17

LED-490-7
1 april 1

*9p0Od gD J9pUN ST JI93BM BUTHUTIA  x%*
*sfeTdsT( pue STOJI}UO) JIIpUN ST A%OHV JuT1U3TT ToUBd *¥
+qySTom 1J9UT JO qa8d PSISPTSUOD ST H4H SNOSUETTIOSTH PUB JII1SWISOJ UOTIBIPBY ‘s3Ing 80edg ‘ML) *

ENGINEERING CORPORATION

- - - qQUSWIFBUBY 93SBM 91
G2 G2 G*e G*g 3T PIV 3SaTd G
LegT L*GT 9°6 T°0T L*ST 25eJ038 % POOL AL

*XH KXK I998M Furyutad TG
(2°gT) (2°81T) (9°9) (9°21) (2°8T) «dInby *00SSY % 90UBUI) SNG Gy
0°8 0°8 0°8 0°8 (Butxooq) Furuuny ot oq
0°8 0°g 0°g 0°8 UTqB) Cotioy
0°f 0 0°f 0°t Lenyogel gty
0°6 0°6 0°§ 0°§ Surpus] T°°%
(0°62) (0°62) (0°9) (0°02) (0°62) *% FUTIUSTT oY
0°0% 005 0°06 0°05 (2) S3uUTeI}SaY B S38BIG €y

0 *2*€GE- 2°e6e A4S ASAES (2) LR Akl

[¢] *0 .mw - O.@ O.w O.w SNOSUBTTI290S T .J.H..:

0 *0°G - 0°G , 0°G 0°6 (2) JI933WISOJ UOT3BIPBY €T K
0°09 0°09 0°09 0°09 (2) °3sfg 3dng 9ITT STABIIOI AR

0 *0°09- 0°09 0°09 0°09 (2) s3Ing soedg T°T°h

(0°09) (0°€L-) | (0°EET) (0°€ET) | (0°€€T) HAD - SSTJIOSSIIDY MIID T4
2°¢ST  o°'9eq- 7°6L38 0°¢ 9°¢ 8°89¢ | (%°6L9) SUOTSTAOXJ M3ID) 0%
TVIOL SEHEVY INHOSHT NIVYNT  INAOSY NOILVIVaES
HONNYT -QNIIXH (NOILVIVIIS NO NO NO LNo LY
HIYVE YYNOT-X TVLOL d,SNOO LAl a,SN0D g IHOTAM WALT HI00
SNIVIS IHOIEM INHIYNO 719/1/¢

CINANLLYLS LHOTHM
WA

GRUMMAN AIRCRAFT




ol

P18

-490~T
April 19

LED

1

+x938M FUINUTII SOPNTOUL xxx| 5

*Sdd UT PepnNTOULl  xx| E}

+g918Td PTOD TBINGONILS =

aI® §aaN1oNIlS UT pPSpuroul  x m

x

(@]

G*g GG G°1 0t GG S9UDITMS B SSATBA Coqegl ©

LT16T  £°86 7°€ET €-ot 0°0L Ty 0 f°CET *¥¥x I918BM 26| 2

G*62 G+62 0°€2 G*9 G*62 yUuBL, I938M TSl &

(Legee) (€°89) (7°g9T)  [(€°91) (4°w6) (T°L%) (S°0T) (t°89T1) UOT3095 JUSWSTBUBN 19BN G m

I

-- xx MUBL XOS % XOS fe€ql 2

8°0T 80T 80T 80T S3UOITAS B SOATBA gecegl ™
G-l 9] Gl ) X09 Al
G*ST G*GT G*GT G*ST J03eTNUMOdY X09 T°€°G
(8°€€) (g-€€) (6°L) (€°92) (g°€€) 1098 sanssaad utqe) B A1ddng o €-q
£6¢ geqe gece 0°0¢ 3JUBTOO) f°2°§
9°9 9°9 9°9 -- % §938Td PTOD €+2°G
f°L2 fL2 fele )2 S3UJ3TAS B SOATEBA AL
0°0T 0°0T 0°0T 0°.L *£s8Y UOTRBINOITIDY JUBTOOD TI°2°G
(£°6L) (£°6L) (£°6L) (f1°19) u0T309g I0dsuBLl, 3BSH 26
0°e 0°c 0°c o°2 woqsAg SO0 9°T*S
9°61 9°61 36 86 9°61 (1) SOM~-898pTI3a8) HOIT 2°G°1°S
°92 92 9°LT 38°8 1°92 (9) S81d~s98pTa3aI8) HOIT T°G°T*S
1°QT 1°QT f1°QT f1°QT Sutqumtd f°T°G
€°¢ €-c 15549 €-¢ asysTuuB) TRAOWSY 20D €°T°G
L*6T L*6T L*6T L*6T *£8SY UOTREINOITOSY UTQB) 2*T°6

g0t 8°0€ 8°0€ 8°0¢ ATquessy 3TNOITO 3INg T°T°6| &

(2+02T) (2-021) (1°L2) (g*c6) (2+02T) |*209g uoTyBZTITBITASY Sxsudsomy 1°S M

[ @]

gecor  £°Q6 4 ¢*gT f1°€2T 9° 4§ 2*'Ihe T°61H TOJI3U0) TBIUSWUOITAUL 0°6 m

TVIOL SATEY INTOSHd NIVEINT — INFOSV NOILVIVIIS Z

HONOVI -QNIJIXHE NOILVIVIES NO NO NO INno LV m

HIYVE YyNNT-X TVLOL d,SNOD  LAp a,SNOD Mg LHOIAM WALI 3I00| &

SNIVLS IHOIEM INIHHNO
INFWELYLS THDIIM
W1




L

P

LED-AQOJT

1

19

*QJq UT CH JI0J SJISFUBYDXD
189y OM} pue mo JI0J JBUBUIXS
189y TRUOILTIPPE UB SIpnT2UT

KKK K

ENGINEERING CORPORATION

2 ane €396 6°9QT €91 f°L6 9*4§ 9°QT 6°93T saTgepuadxy - SOE TB3IOL
9°ghe 0 9°gte 0 0°92 0 9°222 ARA S qaaul - S0 TBIOL
8°T 81 8T Q1 (€) x¥%x SISFUBUOXH 3}BSH
0°02 0°02 0°02 0°02 A1ddng J998M R *3TASY °‘SOURY
02T 0°cT G'T G*01 G*0T JuswWaIBUBH
Ia38M B jJodsuBI], 3BSH m
(8°€€) (8°€€) (6°71) (€°2€) (€-2€) 0HVH - Furqumid geql 2
o
TVLOL SATEY INAOSEA NIVYNT  LNHOSY NOILVIVIHES 7
HONNVI -QNAJXH (NOILVIVIAS NO NO NO Ino IV m
HIMYE YYNAT-X TVLOL d,SNOD  °Ldr a,SNOD NaNT IHOTIM WALI HI0D| &
SALVLS THOTHM INERND %9/T/€

INIWALVLS LHDITEM
WH'T




1 April J%I%@EO

LED-490-T7

0°2T 0°cT 0°2T 0°2T s3uT3114 2°%°9
08t 0°8h 08 08k Sped °%°9
(0°09) (0°09) (0°09) (0°09) sSut1aTd ¥ SpPBJ %°9
00T 0°H0T 00T 00T usTUBYDIY €9
0°ge 0°ge 0°ge 0°Q2 p pleleis) £°2°9
0°TT 0°TT 0°TT 0°TT s8ut4aTd 2°2°9
0°ge 0°ge 0°ge 0°ge saqng, 1°2°9
(0°L9) (0°L9) (0°L9) (0°L9) SINIYS JTOMOT 2°9
0°02 0°02 0°*02 0°02 S00US €*1°9
0°*2¢ 0°2¢ 02t 0°2€ s8uT19Td 2°T°9
0°H0T 0°H0T 0°#0T 0°%0T saqny, 1°T°9
(0°94T) (0°95T) (0°94T) (0°95T) sqnayg xaddp T°9
0°.8¢ 0°.g¢ 0°.8¢ 0°.3¢ I83) FUTPUB] 0°9

TYIOL SATEY INTOSAQ NIVYNT  INFOSY NOILYIVIAS

HONONVT -QNIJXH (NOLLVIVIAS NO NO NO INo IV

HIMVE YYNNTI-X TVIOL @,SNOD  *IdP a,SNOD g IHOTHM WALI o (e(0)

SNLVLS THOTHM INTZIEND wo/1/¢C

INAWALVLS LHOTAM

T

ENGINEERING CORPORATION

GRUMMAN ATRCRAFT




6L

P2l

11

LED-490-~7
1 Apri 9

8

&

=

o,

5

O

&)

=

0°9 0°9 0°9 0°9 SUOT48D TUNUMIO) T 4L m
0°Te 0°Te 0°'Te 0°'Te woq8£g TOIJUOC) UOTIOBIY oT L

0°€S 0°€S 0°62 0°'ge 0°€S uotrsTndoad 6°4°L m

0°6 0°6 0°6 0°6 *98£8 I9MOJ TeOTIFO9TH gefe L] &
0°2 0°2 0°2 0°2 UOT)B3 USUNIY SUT Lol
0°Te 0°'Te 0°1e 0°'1e *sfg TOIRUO) TEBIUSWUOITAUY )
0°2 0°2 0°2 0°2 20UBPTNY B UOTIBITABY Cetol
01T 0°TT 0°1T 0°1T TOIQUO) ¥ UOTHBZITIABIS AL A
0°0T 0°0T 0°0T 0°0T 2IN30NI3S T°h*L
(0°GET) (0°GET) (0°62) (0°0TT) | (0°SET) SJI0SUSg f1°L
0°052 0°0562 0°0.LT 0°08 0°062 quawdTnby OTJTIUSTOS )
0°GT 0°ST 0°GT 0°GT edtnby SurursM B UOTINE) IRAY)
0°0T 0°0T 0°0T 0°0T «dtnbd uoTq0939(q AousFrsu 2*2°.
0°*62e 0°6e 0°Ge 0°6e «dtnbd qanooay) parod UO T*2°L
(0°05) (0°08) (0°06) (0°06) weysAS snyels JYSTTI-UL 2l
0°9 0°9 0°9 0°9 qusudinby 28B8I01S BIBJ € 1L
G°TE G TE G TE G3¢ CAR NS 2 1L

0°64 0°6Y 0°6H 0°GY JISUOT}TPUO) TBUSTS T Tl

(6°28) (6°2Q) (G629) (6°€8) TB8UOT3BISA0 T°. m

I8 (D54 0°%6T 7o | Tegte TOT38 UoWnI3 SUL 0°l| E

<

TVIOL STMEVY INAISHAT NIVINT  INHOSY NOLLVIVJAS 2

HONAVI -ANHEdXH [NOILVIVIdS NO NO NO LNo IV m

HIMVH 9VNNT-X TVLOL d,SNOD  *IEr a,SNoD Ing IHDIHAM WALT HI0O| &

SNIVLS IHOIEM INHMHNO 79/T/€
INAWALYLS THOIAM
W1




P22

2 {o6n

LED-490-
1 Apr

=

9

551

=

:

[ &)

0°02 0°02 0°02 0°02 (2) saxog £8T3Y wecgl B

0°0T 0°0T 0°0T 0°0T 2) sexof uoTjouny ccol B

0°0¢€ 0°0¢ 0°0¢ 0°0¢% (2) sTouUBd I3¥BAI 3TNOITD 2°€°g m

0°02 0°02 0°02 002 (2) gaxog uoTINGTJILSTA T°cgl B

(0°08) (0°09) (0°08) (0°08) UOT309g UOTINATIASTA c-gl 8
- - - - 3TUN TOJIFUOD AL
g8°62 Q62 g°62 Q62 SI93I9AUT 1°2°Q
Aw.mmv Aw.mmv Aw.mmv Q62 UOT4098 UOTSIBAUO) JL3MOJ 2°'Q
Y ALY g€ 2°¢ 1a3aey) Ax939%d 6°T°8
0°8 0°Q 0°8 0°8 (2) §9TI933ed dTUYD930ILd 3°1°8
7°Q2 f1°Qe f°2T 0°91 17°Q2 pa3g SH- 2*L1'g
042 0°He 0°0T 0°fT 0°He P93I SQ-xx¥x% JUTqUNTd T°L°1°8
0°66 0°6§ 0°66 0°66 wogsAg Ax9ryed LAIBRTTTXNY 9°T°Q

Ge2g Ge6 0°le o°t 0°€2 0*le U083~ 2°G°1°9|4

2°G 2-s 26 2°G U908y ~-Uus30IPLH T°6°T°Q
6°GTT 0°9T 6°66 06 6°06 666 U283~ 2 H°1'Q
9°TT 9°TT 9°TT 9°TT U0 Sy -UaTLX0 T°#°T°Q
9°6§ 9°64 T°64 G*0T 9°G6 (€) SYuB], USBOIPAH €°T°Q
9°¢2 9°€2 g°02 8°e 9°€2 (2) squB], USBLXQ 2°1°g

0°0ST 0°0ST 0°0ST 0°0ST (2) %% STT®D TN 18]

(0°€TS) (S*12) | (6°16%) |(0°€T) (e°c02) (8°9T) (6652) | (S°T16%) x% UOT3D8G UOT}BISUS) I3MOJ 1°Q m

0°20TT &°T12 G*080T 0°tT 9°962 8°9T T1*76L G*0Q0T % £1ddng J9mod TBOTJIAISTH 0°Q m

<1

TVIOL SIHEVY INHOSHI NIVINT  LNFIOSV NOILVYVIAS Z

HONNYI -ANHIXE (NOLLVIVIES NO NO NO ILNo Iv W

HIYVE 9VNNTI-X TVLOL d,SNOD  *Lar a,SNOD g IHOIAM WALI 3A00| &

SNIVLS IHOIEM INTMYND 719/1/¢
INAWHLYLS LHOTIM
W'




L

P23

LED-490-7
1l April 1

+8I10718TNIVY 2INSSIIJ SOPNTIUL xxx%
*8TU) TOJIUO) TTSD TOW SIPNTOUL xx*
¢ I2A9T
L3asus MY 9L POTJITPOUW B UO DISBI x%
-gas J9pUN PIPNTOUT SJ' IUT
-qunTd TO2LTH Pue SI3FUBYOIXH 3BIH x

2°49T ¢'1e LeenT 0°€T 6°CTT 8°9T 0 LeEqT saTqepuadxy - SJIE TBIOL

8°9£6 0 8°9t6 0 LeeqT 0 T 6L Q°9€6 jI9ul - Sdd T®30L

Ly Ly Loy Ly sfe1dstq pue STOJIJUOD 2T %°8
0°QT 0°QT 7°9 9°1T 0°8T SUOTFED TUNUMO) IT°4°8
0°LT 0°.T 0°LT 0°LT TOIjuo) UOT3OBIY oT°%°Q
G*ze G232 G°¢ 0°6T G°2e uosTndoad 6°1°Q
0°96 0°96 0°ST 0°T3 0°9% JI9M0J TBOTJIO9TH 8°%°Q
0°86T 0°86T 0°.2 0°TLT 0°86T UOT 3B USINI} SUT L*xg
q°h 81 QH 8y TOoa3uo) TeIUSWUOITAUY G*%°Q
G2 Ge G2 G2 wa3sLg MaI) 1°%°Q
G*66 G 66 G2 0°L6 G*66 90UBPINY PUE UOT}BITABN €°4°Q
2°9t 291 2°91 291 TOJ3UO0) B UOTIBZTTIQBIS Al Al
(2°6L4) (2°6L4) (f°49) (g*n2n) | (2°6L%) SUOTSTAOLJ TBOTJIFOSTH f1°8

TVIOL SATEY INFOSHA NIVMNT — INEJSY NOILVIVIES

HONAVT -QNIJIXH (NOILVIVIIS NO NO NO LNo LY

HIYVHE YYNOT-X TVLOL a,SNOD 1Al a,SNOD g IHOTAM WALT HI0D

SAIVLS THOIAM LNLTEND 79/1/<

INIWALVLS ITHOIEM
WA

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




490-7
1 Apri]l 1964

LED-

i

P 2

=
(@]
H
551
‘ =
.
[ ]
=
(9°6€9) (9°6€9) (9°€TH) (0°222) | (9°5€9) SaUTIUL 1°6 B
7°09 %°09 7°09 7°09 Ju9083q - 9°¢*6 m
0°ge 0°ge 0°g2 0°g2 U908y - Burqumtd G €6 o
o ol O o*fi 1uL0saq - w6l |
€ TT €°TT €1t €11 U028y - unTTSH €€ 6
000t 0°00% 0°00% 0°00 Jus2s3Qq - AR 3]
0°£0T 0°€0T 0°€0T 0°€0T U908y - sYue], UMTTSH T°€°6
(L*919) (L°9%9) (t°10S) (€24T) | (L°9n9) we3sAg UOTHBZTINSSSI €6
€92 £ oe £ oe geoz U208 - 9°2°6
9°€e 9°€e 9°¢e 9°€2 U828y - Surqumid G*2*6
0°H#Ee 02 0 0°€e U083 - f1°2°6
0°g6 0°g6 0°g6 0°g6 1U30SY ~SHUBL, *PTXO €26
otz o°tte 0°fee o°fwte pRPEREE (i 226
0°g86 0°86 0°g6 0°g6 U908y ~ SHUBL TaNg T°2°6
(6°€TL) (6°€TL) (E°46%) (9°612) | (6°€TL) we3sAg querTadoad 26
0°99T 0°99T 0°99T 0°99T U308 - 2°2°1°6
0°06 0°04 0°06 0°0% qua0sy ~paddeay, T°2°1°6
AR IR AN AR A/ N AT IR 2 Q°92oMT 1u2083Qq - 2T T°6f
T°€0tY T°€0EH T°E0EY € iy U208y - ITqesS) T*T°T°6| .,
(€°9926T) (£°9926T) |(2°LtlqTX0°99T) (T°€0EH) (0°0G) | (T*LGO6T) jueTTadoxg 1°6 m
(&
G 2o2Te C2eTe | 2*LwlyT €°QLST  T*Eotf  6°EE9 £+¢g0t1e we3sAg uoTsTndoad 0°6 m
TVIOL SATEY INHOSAd NIVYNT  INHOSY NOTILVIVIAS
HONNVI -ONIAJIXHA (NOLLVYIVIIS NO NO NO ILNOo IV
HIYVHE YYNOT-X TVLOL d,SNOD  *I1dr dSNOD nang THOTAM WALT 2000 | &
SNIVIS IHOTAM INHUHNO 79/1/€
INIWILVLS IHOIAM
WAT




4

Pe 25

LED-490-7
1 April 1

=
(@]
=
e
=
TOI3U0) m
puB UOT3BZITTABIS UT DOPNIOUI 3
(&
=
H
m
Z
€°05061 €°0606T gelylyt O T°E0tH 0 T°T.88T spuadxy - uorsTndoad T®3IOL 5]
ALA T4 AL A 0 €°QLST 0 6°€€9 2+c1ee qa9ul - uotsTndoxd TB3IOL
0'1e 0°1e 0°'T2 0°'1e pEDEE ol
0°g 0°8 0°Q 0°Q qua0sy - *OSTH 9*4°6
0°'6G 0°¢ 0°6 0°6 U208y - JUNOW SUTIUY G116
-- -- -- ¥81038N30Y TBAWTD f*4°6
9T 9°HT 9T 9Nt rueosad - £
0°6G 0°§ 0°6 0°§ U808y - PTOTUS €6 m
0°0LE 0°0LE 0°0LE 0°0LE jusdseq - AL S &
0°f02 0°702 0°*{02 0°02 qusdsy - aurduyg 6| &
<
IVIOL SIMEV INFOSHI NIVINT  INFOSY NOTLVYVJIS 7
HONNV'I -QNAJIXHA (NOLLVIVIES NO NO NO LNo LY W
HI¥NVH YYNOT-X TVLOL d,SNOD  *IEL a,SN0D g THOTIAM WALT clelve] B
SNIVLS IHOIEM INHHMNO w9/T/¢
INTWEIVLS THDIUM
W1




26

=t
38
T
L
3 *(#0°2T)
) Anm Fut888 £3T3uendb queTradold SSPNTIUL xx
ml *#9°G)G ST «doxd sTgqesn jo L3TowdB) x
- -- -- 0 90TAS(Q aanTred VDL
m.mm m.mm 9°62 7°92 SIBMDJIBH JI9480TD
6°16 6°16 6°16 2oL *Lssy asquey) 3SnIYL
(G°12T) (G°121) (6°t21) | (9°96) *Lssy *3sUL I93SNIAYL f°01
€1€ €-1€ €°TE €e1€ Surqumid €01
1°2 12 1°2 1°2 s8) UMTTSH AR NOL
0°12 0°Te 0°'12 0°T2 syus], WNTTSH T°€°0T
(t1°4%) (°1S) (tr°45) (f1°15) woySAS UOTIBZTANSSAL] €01
0°fc 012 0*42 0°%e SOATB\ UOT3BTOSI JI33SNIYL-~
2GS 2°66 2°Gq 2°64 %% °*3S£g I9ZTPTIX0 % TONd-
0L 0°.L 0°l 0°L UT-9T] 3U90SY-
SutqumTd €2 0T
942 942 9°4e 912 syus], ISZTPTXO 2*2°0T
602 6*02 Geoe |, G028 syusl, TONJ T2 0T
(£°TET) (€°TET) (E°TET) | (E°TET) x wesAg ausTTadoxd 2°0T
8°8¢ 8°gt Q°Q¢ g8°g8¢ paddear, 2°T°0T
9°gle 9°gle 2°ge #°062 6°082 AV
T°602 T°602 2°STT 6°69 T°602 Tox3uo) IpPN3ITIIY T°T°0T
(6°224) (G6-226) (°E4T) (€ oE) (8°8E) (8°429) quetTadoad T°0T
L°0L8 L°0.8 eeqT ceont  0°1gf T°.48 we3sAg TOJI3UO) UOTFOBSY 0°0T
TVIOL SITEV INTOSAd NIVENT  INIOSV NOIILYYVdES
HONAVT -QNEIXE (NOILVMVIES NO NO NO Ino Iv
HIMVE YYNNT-X TYLOL a,sNoo  *xar a,sNod N9 THOTEM WALT HI0D
SALVLS LHOIEM INIIEND w9/1/¢

INIWALVLS LHOTIM

WHT

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




27

Fege

L

LED-490-7
1 April 1¢

9°gL2 9°g)2 2°ge 4062 6°082 querredodd AWV -
T°4028 T°%02 AL AN 6°68 T1°602 «doxg ToJI3UOD °*33V-
(L*€8N) (Le€gn) | (f°€qT) (€+0%E) (0°98%) sorgepuadxd - SOY TBIOL
0°.8¢ 0°.8¢ 0 0 T°T19¢ qaaul - S04 TBIOL
0°TH 0°TH 0° 0t gsnxy, aqoddng pend
TYIOL STHEVY INTOSHI NIVINT  INHOSY NOIILVYVJHES
HONOVT -aANIIXH ({NOIILVIVIAS NO NO NO IV
HIMVE YYNNTI-X TVLOL q,SNOD  °IEP d,SNOD IHOIEM WAELI
SNIVLS LHOIAM LNAJIND w9/T/€

INTWALVLS LHOIHM

WH'T

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




L
P28

o
mwﬂ squawdInbs OTITAUSTOS i) JO 3I8d POISPISUCD ST ‘pagtnbag JT fUOTSTASTIL JI0J FUSTT AIBTTIXNY xxxx¥
1§ *9QATJI(J PpUB JOSUSS UFIBH SOPNTOUL  xxx
m.A *#),°2 810309UUO) PUE SSB) PUB ‘HG°T SOTUOILISTH
l BUUSYUY ‘#O°T Jox0TAIq ‘#G6°Q (I93TTF U930U BUIPNTOUT) JISTITTAUY I9MOJ ‘#Q°0T JISATIOSUBILL SSPNTOUL  #x
*#€ 2 sao303uUu0)
pue 9sB) PUB ‘Hf ILSATIOSURILL, ‘F0°2 ISXSTATA ‘#0°) JI93US) OTPNY PUB JOSSIV0IJ UOTIBRTNPOWSIJ SSPNTOUL %
G T G°T ST 0°c STa®d 7€ 1T
G2 G2 G2 G2 440 - dinby TeWIsyL BISWE) €-€°TT
G2 G2 G2 G2 €I - sud] g €Tt
o°f 01 0% 0*f 4D - 9TqBIIOJ ‘BISUNE) T°€°TT
(G°0T) (G°0T) (G*0T) (0°1T) %%%% UOTSTASTI] €1t
G* Ge G* G* (+) sa8usTd *H'd 9°2°1T
0°T 0°T O°T 0°T UO3TAS Y A AR
0°.LT 0°LT 0°LT 0°61 *¥¥% BUUSIUY STABISINIG °c Tt
0°0T 0°0T 0°0T 0°0T BUUSQUY STQGBIOSJIY AR NN
€2 £-2 €2 £ (2) BUUSQUY FUSTTIUL AARNE
G*Hwe G*He G *He 0*#%e *x VI pued-g 1°2°TT
(€°69) (€°69) (0°0T) (€°6n) | (8°9%) u3aed /WA pued-S 21T
f° e fe e (€£) saBueTd *H'd G*T°TT
0°T 0°'T 0°T 0°'T Uo3THaS *d°Y HTI°TT
9°0T 9°0T 9°0T 9°01 (1) BUUSUY ABIS JBUNT €T 1T
g€ €€ €€ €€ (2) BUUSYUY USTTIUL 2 T°TT
LSt L°ST Lest L-GT % Vg Furssaooxd TBUITS-JHA T°T°IT
(0°1€) (0°1€) (9°0T) (fe02) | (0°1€) WO /WHT JTHA 1T
8°96 8°9%6 T°1¢ I*%9 3°g6 SUOTBO TUNIMO) O°'TT
TVIOL ©SHEHEV INUIOSHT NIVINT  ILNHDSY NOTLVIVLHS
HONAVT -ANEIXH [(NOILLVIVIHS NO NO NO L0 LV
HIYVE ¥VNNTI-X TVLOL @,SNOD  *Idl @,SNOD NNg IHIOTIM WELT HT00
SNLVLS IHOIHM LNHYYH0D %9/1/¢€
LNANILYVLS LHOIHM
AT

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




L

Pagz 29

LED-490- T
1l April 1

=

TO|_

Ed

=

2

[®]

[

2°q 2°G 2°G 26 waysLsqng OTUYD30ILg neg-e1 2

2T 2T AR 21 UoTANqTIFSTA Idmod *D°V €921l &

0°f 0°Y 0% 0°f UoTANQIIFSTQ Idm0d *D°d 2*'g el m

62T 6°2T 6°2T 6°2T a8eI04g OTUSFOLID 182l H

(€-ce) (€°€2) (€°€2) (€-€2) I9MOd TBOTJIFO9TH 8Tl 5
16 1°6 16 T°6 UOT}BIUSWNIYSUT L-2T
- weq.sLg Jurpuw] JIBUN]T 92T
T°€T T°€T T°€T T°€T TOIAUO) TBIUSWUOITAUY 62T
€€ €€ 1949 949 SUOTSTAOIJ MII) 71°2T
Cee €2 €2 €2 Jepey SUIPUBT ¥ SNOAZSPUSY 2°€2T
R ]e14 G99 G*96 696 CER) T°€2T
(8-8S) (8°8S) (g°8S) | (8°8S) 20uUBPTNH B UOTIBITABN €-2T
g°L 8°L gL 1) Tousd A V €2 2T
gl Q) 8L g°) soueptny) dn-3oeg 2*2°cT
€64 €66 €65 QLS STOI3U0) JUTTTI T°2°cT
(6°1L) (6°1L) (6°1L) (17°€L) STOI3UC) % UOT}BZTTTABIS ALAN

B

-- 2an39NnI38 T°2T m

O

1°792 1492 492 6°292 sfe1dsTq pue STOI3UOD 02T m

TYVIOL STV INFISHI NIVINT  INIOSY NOTLVIVdAS
HONOYT -QNHIXA  (NOTILVIVIAS NO NO NO INo Ly
HIMVH gyNNTI-X TVLOL d,SNOD  *IdEl d,SNOD NNg THOIHEM WAELT HI00| &
SNILVLS CHOIAM LNAZUND 79/1/¢
INAWALYLS IHOTHEM
WT




30

Poee

LED-490-
1 Avrfi IQ6M

+9qu8TT Tousd LB8TdsTQ sepnIoUl

*

xS9TOSsUO)

0°SH 0°tH 0°€x 0°*EY apIg % TouUBd FUSUMIYSUT FARTAN
62T 6°2T 6°ctT 6°21 SUOTFBO TUNUMO) 12T
0°91 0°9T 0°9T 0°9T TOJ3U0) UOT3OBIY 0T°2T
0°0T 0°0T 0°0T 0°0T uotsTndoad 6°2T
TYI0L SHEY INIOSHI NIVMNT — INHOSY NOIILVIVAAS

HONOVT -ANEIXH (NOILVIVIIS NO NO NO INO Iy

HIYVHE 9¥YNNTI-X TVLOL d,SNOD  °Idr a,SNOD g THHTIM WALT HA0D

SNLVIS IHOTHAM INHYHND :mNHmm

ININALVLS THOIEM
AT

ENGINEERING CORPORATION

GRUMMAN AIRCRAFT




Table 5

LEM WEIGHT COMPARISON
AT SEPARATION BY STAGES

SUBSYSTEM 1TEM 3/1/64  CURRENT
CODE WEIGHT WELIGHT WEIGHT
A. Ascent Stage Weight at Separation 9285.7 9409.6 +123.9
1.0 Structure 92k, 7 9sk.7 + 30.0
2,0 Stabilization and Control Th.6 73.1 - 1.5
3.0 Navigation and Guidance 238.0 2h2.5 + k.5
4.0 Crew Provisions 5Thb 57h. b4 0
5.0 Environmental Control 306.8 323.2 + 16.4
6.0 Landing Cear --- -—-
7.0 Instrumentation - Operational 2h3.5 2ho.5 - 1.0
- Scientific L40.0 Lo.0 0
8.0 FElectrical Power Supply 817.3 810.9 6.4
9.0 Propulsion System (4878.2) (4937.0) (+58.8)
Propulsion Inert 583.9 583.9 0
Propellant (Includes S0# trapped) L2gh, 3 4353.1 +58.8
10.0 Reaction Control (847.1)  (870.7) (+23.6)
Propulsion Inert 322.3 348.2 +25.9
Propellant (Includes 38.8# trapped) 524.,8 522.5 - 2.3
11.0 Communications T8.2 76.2 - 2.0
12.0 Controls and Displays 262.9 264 .4 + 1.5
B. Descent Stage Weight at Separation 18186.2 18308.4 +122.2
1.0 Structure 940.5 935.9 - 4.6
2.0 Stabilization and Control Te5 Te5 0
3.0 Navigation and Guidance 10.0 10.0 0
4.0 Crew Provisions 5.0 5.0 0
5.0 Environmental Control 112.3 112.3 0
6.0 Landing Gear - Fixed 387.0 387.0 0
7.0 Instrumentation - Operational 25.0 25.0 0
- Scientific 210.0 210.0 0
8.0 FElectrical Power Supply 263.2 269.6 + 6.4
9.0 Propulsion System (16205.1) (16325.5) (+ 20.4)
Propulsion Inert 1412.3 1k12.3 0
Propellant (Includes 166# trapped) 14792.8 14913.2 +120. 4
11.0 Communications (Portable) 20.6 20.6 0
Total Separation Weight (A & B) 27h71.9  27718.0 +246.1

serort LED-490-7
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DISCUSSION OF INERT WEIGHT CHANGES BY
STAGES SINCE LAST REPORT *

Increment Weight Change
Ascent Descent Separatio

1.0  Structure (+30.0)  (-k4.6)  (+25.L4)
Incorporated docking drogue provision in
docking tubes and added one docking drogue
(12 pounds). Provisions are estimated at
5 pounds in upper hatch and 3 pounds in forward

hatch. +20.0 +20.0
Added descent engine gimbal actuator supports,

previously omitted. +15.2 +15.2
Reconfigured descent tank support structure and i

interstage mount structure. Included are

improved joint designs. -19.8 =19.8
Incorporated estimate of structural cold plate

increment for redundant coolant loop. (See

Environmental Control below). + 3.1 + 3.1
Recoded non-structural cold plates to
Environmental Control. - 4.y - bk
Revised estimate and distribution of ascent f
structure based on more current information. +11.3 +11.3
2.0 Stabilization and Control (- 1.5) (- 1.5)
Recoded guidance coupler items under Controls
and Displays. - 1.5 - 1.5
3.0 DNavigation and Guidance (+ L.5) (+ 4.5)
Revised MIT data per Rev. 17 of E-11k2,
dated 2/15/6k. + 4.5 + 4.5
5.0  Environmental Control (+16.1) (+16.4)
Increased coolant quantity based on current
coolant loop's volume estimate. + 2.0 + 2.0

Incorporated estimate of redundant coolant

loop per NASA Ltr. SE-5-63-2L45, dated 30 Dec.

1963. (See structure above for added structu-

ral cold plate increment.) + 8.4 + 8.4
Increased (1.6 pounds) and recoded from

Structure (4.4 pounds) of non-structural

cold plates. + 6.0 + 6.0
7.0 Instrumentation (- 1.0) (- 1.0)
Incorporated vendor negotiated weight for
PCM‘IT.EO - loo - l-O
8.0 Electrical Power Supply (- 6.4) (+6.4) ( 0)
Staged cabling for VHF Lunar Stay Antenna
and for S-Band Erectable Antenna. - 6.4 + 6.4 0

* TInert weight excludes 4V Propellant.

LED-490-
SONFDEN— L0 T L
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DISCUSSION OF INERT WEIGHT CHANGES BY
. STAGES SINCE LAST REPORT *

Increment Weight Change

Ascent Descent Separatio
10.0 Reaction Control (+25.9) (+25.9)
Revised estimate for quad support truss
based on later information. - 5.0 - 5.0

Incorporated weight increments for CSM

designed thruster chamber assembly (+21.7

pounds) and cluster hardware (+3.2 pounds). +2h,9 +24.9
Incorporated weight increase of quad

support truss due to weight increase of CSM

common usage thruster installation assembly. + 6.0 + 6.0

11.0 Communications (- 1.5) (- .5) (- 2.0)
Incorporated vendors proposal weights for
S-Band ERA unit (+ .5 pound) and steerable

antenna (-2.0 pounds). - 1.5 - 1.5

Eliminated the reel for television cable. - .5 - .5

12.0 Controls and Displays (+ 1.5) (+ 1.5)
Recoded guidance coupler items from

Stabilization and Control. + 1.5 + 1.5

Total Inert Weight Changes +67.9 + 1.3 - +69.2

* Inert weight excludes AV Propellant.

BONEDENIN—— T
DATE 1 April 1964
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1.0

5.0

9.0

11.0

PENDING CHANGES

The following list is comprised of those items which are currently

Structure

Add micro-meteoroid shielding required to
improve probability of no penetrations from:
.1911 to .8103 or
.1911 to .995
Navigation and Guidance

Incorporate vendor's rendezvous radar weight
estimate if Jjustification of weight increase is
acceptable to GAEC.

Environmental Control
Reconfigure LiOH loop to use PLSS type
cartridges and the LEM type cartridges.

Landing Gear
Reduce safety factor from 1.5 to 1l.35.

Instrumentation
Eliminate emergency detection system
Add ground support equipment connectors

Electrical Power Supply

Revise power generation system due to
modifying energy level and possible change in the
fuel cell/battery configuration.

Propulsion
Use super critical helium in lieu of gaseous

to pressurize propellant tanks.

Incorporate vendor's propellant tank weight
estimate if justification of weight increase is
acceptable to GAEC.

Communications

being considered for incorporation into the LEM vehicle.

Increment Weight *

Ascent Descent
+23.0 +18.0
+101.0 +135.0
+ 9.h
- }-I-.O
"'1500
—lOOO
+50.0
-60.0 -320.0
+ 4.8

Increase in communication requirements resulting
in the addition of data links and changing of VHF per

Ref. 16.

* Note: Weights shown are not effective weights.

<S0NBiir

+58.0

rerorT LED-490-T
pATE 1 April 1964
GRUMMAN AIRCRAFT ENGINEERING CORPORATION




GOVERNMENT FURNISHED EQUIPMENT

The original guaranteed weights for government furnished
equipment were provided in NASA letter SSS-LEM-63-20, dated
25 February 1963. Table 6 is the G.F.E. equipment as
originally designated to the contractor compared with a list
of unofficial weights compiled at GAEC. ‘

The reasons for the comparison are:

1) Of the items clearly agreed to be G.F.E.,
there are weight differences between the
original values and those of column 2.

2) There are items indicated as G.F.E. by
various sources on which the contractor
would like confirmation.

It is very desirable to have the G.F.E. list broken down
in the detail shown in column 2, with the addition of sizes, volumes
and other required provisions (i.e. energy, duty cycle, etc.).

This will aid the contractor in:
1) Calculation of accurate mass properties
(i.e. weight, c.g. and inertias) for the

vehicle in various phases of the mission.

2) Evaluating volume and storage consider-
ations.

3) Providing power for those G.F.E. items
requiring it.

Current report weights are indicated on Table 6 with
a single asterisk (*).

aevort  LED-490-7
CONMDENIIRE— 05" i 1
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CONFRD N

LED-490-7

1 April 1964

Remarks

Present weights
based on MIT Repart
E-1142 Rev. 17,
dated Feb. 15, 196k

Incl. Integral
Communication and
Telemetry Provi-
silons.

GAEC is not clear
if these items are
an integral part of
the suit and,
therefore, are
assumed to be
included in weights
for itemized space
suit articles noted
above.

Page 37
Table 6
Original Presently O Wt.
Q Guaran- Indicated
Code Ttem Yo teed Wt. Weight
Navigation & Guidance 187.0 151.5 -35.5
3.1.1 I.M.U. 1 60.0 ho,0%  -18.0
3.1.2 Range Drift Unit **% 1 20.0 2h.5%  + L,5
3.1.3 L.GeCe 1 60.0 h5,8% 14,2
3.1.4 P.S.A. 1 25.0 2T.2%  + 2.2
3el.7 N. V. B. 1 - --
3.1.6 Cabling 1 20.0 10.0% -10.0
341.5 Star Maintenance Book 1 2.0 2.0%
3.1.8 Cold Plate - --
Crew Provisions L65.0 528.6 +63.6
L Crew Accessories
h.1.1 Space Suits 2 (60.0)*  (68.0) (+8)
Torso 2 24,0
Helmet + Integ. Comm. 2 12.4
& Telem.
Boots - Lunar Explor- 2 8.8
a Liun
Gloves 2 2.2
Thermal Coveralls 2 13.2
Const. Wear Garments 2 2.0
Emergency Op System 2 5.4
Accessories:
Suit Press. Gage 2
" Low Pressure Warning 2
High Op Flow Warning 2
Suit Press. Relief Valwe 2
Connectors 2
Sewing Kit lor2
Lubricant lar2
Tools & Belt. 2
Adhesive lar 2
Patches L
Gloves 2
Disconnect Seals lor2

*

Reported weights.

** Currently called AOT & Eyepieces.
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Table 6 -Cont.

Original Presently

Guaran-

Code Item

QTY. teed Wt.

Indicat
Weight

LED-490-7
1 April 1964
Page 38

LWt. Remarks

ed

1.2 PLSS 60, 0%
Motor - Inverter
Fan
Battery
H,O Boiler & Separator
Slave H20
Useful HoO
Primary Op Regulator
Multiple Gas Connector
Primary Oo Tank

1"t 02
Flexible Hose
Steam Back Press.
LiOH Cennister
LiOH Cartridge
Integral Cannister
Structure
Miscellaneous Sensors
Support Harness
Foamed Cover
Miscellaneous Rrackets
Boiler Mounting Plate
Remote Op Control
Electrical Harness
Communications & Telem. 2

Valme

MNP PDHOPNDPDPODOOOOONDND

N MNDMNDMNDMNDMN D

4.1.3

Radiation Dosimeter 2

h.1.h

Miscellaneous 0

GFE Spares

Seals - Contaminent
Container

Debris Trap, Sponge
Prim. Oo Qty indicator
Antenna

340.0

Crew 2

Sustenance & Assoc. (0)
Equipment

Food 0
First Aid Kit and 0
Preventive Medicine

* Reported weights.
*% These items are accounted for under ECS.

*B8Nl D bihinir—

L]
O\ O\ = 0o\t GO0

wil\)l—"l\)l—’@\l—’w
w

. -

B e

(0]
° °

N
@]

8.0%

353.2%

(13.2)

10. 7*
2.5%

+21.2 See GIFE spares
noted below.

Presently indica-
ted weights per
Ref. 1T7.

0

+ 8.0 TUndefined - added

per telecon with
Je.L. RBullard.
Undefined

+13.2 Change from 65 to
75 percentile men.

(+13.2) Added per NASA

Ltr. APCAL-63-97
+10.7 (DBCish) dated
+ 2.5 25 Sept. 1963.




Code

L.6

Te3

12.3.1

ORI

Table 6 -Cont.

Qr

Item

Waste Management
Urine & Fecal Removal
Equipment

Vomitus Removal Equip.
Vomitus Container

Instrumentation

Scientific Equipment
Lunar Atmosphere
Analyzer

Gravitometer
Magnetometer

Radiation Spectrometer
Specimen Return Container
Geological Equipment
Seismographic Equipment
Soil Temperature Equipment
Miscellaneous

Communications

Television

Camera, Portable

Lens

Camera Thermal Equipment

Controls & Displays

Govern. Furn. Equipment
CDU

Miscellaneous C & D
A.G.C. C&D

Eye Register for Reticle
Two Digit Readout for
Reticle

Total Weight

* Reported weights.

1

1
1
1
1

LED-490-7
1 April 1964
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Original Presently A Wt. Remarks

GAEC is not clear
if these items are
an integral part
of the suit and,
therefore, are
assumed to be
included in weights
for itemized space
suit articles.

Weight breakdown
per Ref. 3.

Includes: (1) still
& (2) motion pic-
ture cameras, TV
auxiliary LigitLling,
& 1 gimbal mounted
telescope.

Added per NASA
TWX SES-12-189/
T701/63-160 APCAL

Present weights
based on MIT
Report E-1142
Rev. 17, dated
15 Feb. 196k,

Guaran- Indicated
teed Wt. Weight
250.0 250. 0% 0
20.0 20.0
5.0 5.0
10.0 10.0
20.0 20.0
12.0 12.0
50.0 50.0
8.0 8.0
10.0 10.0
115.0 115.0
0 9:0  #9.0
0 L, ox +4,0
0 2. 5% +2.5
0 2. 5% +2.5
6 oO 26-5* -605
6.0 15.0 +9.0
50.0 15.0 -35.0
- 1915 +l9¢5
2.0 2.0
5.0 5.0
965.0 59546 +3066




12.

13,

1k,

15,

16.

17.

LIST OF REFERENCES

MSC letter SI-63-13-498, dated 26 November 1963, "Contract NAS 9-1100,
Mission Time Line for Use in Developing Electrical Energy Profile."”

MSC letter S0-63-543, dated 21 December 1963, "Contract NAS 9-1100,
Mission Time Line for Use in Developing Electrical Energy Prafile."”

MSC letter SSS/LEM-63-20, dated 25 February 1963. Original list of
government furnished equipment.

MSC letter APCAL 63-97(DBC:sh), dated 25 September 1963, "Contract
NAS 9-1100, Contract Change Authorization No. 10,"

MSC letter SE-5-63-245(0EM: jp), dated 30 December 1963, '"Contract
NAS 9-1100, Implementation of Actions Recommended at Project Apollo
Systems' Meetings."

MSC TWX SES-12-189/T701/63-160 APCAL. TV camera to be considered
govermment furnished equipment.

IMO-540-215, dated 23 January 1964, "Control Weight Mission."
IMO-500-3T7, Revision D, dated 8 February 1964, "LEMAV Budget."

IM0O-310-58, dated 1L September 1963, "Criteria Used For RCS Tank Sizing."

Tae~A LA~ O) ~ A LR . A TTme A ' ™ Ce
LU =TI T Uy u_aucu [V .L\IUVCU.LUCJ. J.jUJ, NCO LAty UL Lduwl A0UCLLL alll USDuCiLy

Tanks, and Criteria Used."
LED-490-5, dated 31 January 1964, "LEM Mass Property Report."

LLO-340-133, Revision A, dated 9 December 1963, "Equipment Arrangement
Ascent Stage" Drawing.

LDW-280-100-50, Revision B, dated 2 Jamuary 1964, "Geometry Ascent Stage
~2 Tank" Drawing.

LDW-280-17000, Revision A, dated 13 December 1963, "General Arrangement
Descent Stage" Drawing.

MIT Report E-1142, Rev. 17, dated 15 February 1964, "MIT Apollo
Guidance and Navigation - Systems Status Report."

IM0-380-162, dated 12 December 1963, "Communication Subsystem
Redesign."

SVHSER 2739, dated 10 July 1963, "Hamilton Standard Phase A Design
Report of Apollo Space Suit Project.”
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EXTERNAL DISTRIBUTION LIST

Fifty Copies - (50) NASA Manned Spacecraft Center
Houston, Texas
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